INTRODUCTION
Electrical transducers are frequently designed to generate voltage waveforms as a response to a measured physical quantity. Voltage comparators are often used as a first step in the chain of analog-to-digital conversion of such waveforms. The leading edge of the comparator's output waveform is generally used as a time reference marking the input threshold crossing.
If a sufficient number of identical comparators (each preset to a different threshold) are used to monitor the same input signal, and the appearance of their output signals recorded by time-to-digital converters, the measured waveform can be faithfully reconstructed.
The procedure is illustrated in Fig. 1 . A single transient waveform, Vi(t) , is preceded by a start pulse, V , , . .
The leading edge of V,, initiates the timing in all the time-to-digital converters of the system.
Vthrl to ITthr3 are the threshold settings of the three comparators shown and tl to t3 are the times of each threshold crossing as definedbythe leading edge ofthe comparator output pulse. These pulses are used to stop the counting in the time digitizers. Each digitizer thus holds a number (N1 to N3) proportional to the times of the threshold crossings referred to the common start. In practice, the accuracy of the digitization is affected by the response time of the comparators used. If the input waveform changes at too fast a rate, the comparator will exhibit a time walk, resulting in an erroneous measurement. The output response is dictated by the input-to-output voltage transfer curve of the comparator which extends from Vthr to Vsat at the input and V , , to V , , at the output. This transfer curve is a function of the comparator gain, input overdrive and signal rate-of-change. Consequently, four different output waveforms are shown in the figure, one for each input overdrive and risetime. The output waveforms are shown simplified as ramps: V, -V , , = K(t-td-tt,,.) where K and td are transfer function parameterswhichare differentforeachinput overdrive and risetime. The output timing is specified as the time, tref at which the output signal crosses an arbitrary value, Vref, usually the mid point of the response curve as showninthe figure. Themeasurement error is then given by
The quantities, Kandtd are characteristic of the comparator and cannot generally be influenced externally. However, the second term in the equation can be made smaller if Vref is close to VOL.
Because of the importance of the overdrive, Vi -Vthr on the time walk error of the comparator, it is useful to normalize the measured data, presenting the time walk error as a function of the overdrive ratio, ri where ri = (Vi -Vth,)/Vi.
With this definition, all measured curves fall in the range between 1 (100% overdrive) and 0 (the input signal barely exceeds the threshold) and provide a convenient means of comparing the performance of different devices.
The following commercially available comparators were evaluated: VC7695, VTC Inc.,(bipolar); AD9685, Analog Devices (bipolar); HCMP96870, Signal Processing Technologies (bipolar); AM685, Advanced Microdevices (bipolar); 10G012B, Gigabit Logic (GaAs); TQ6331, TriQuint Semiconductor (GaAs).
MEASUREMENT SYSTEM AND PROCEDURE
A block diagram of the system used for generating the measured data is shown in Fig.  3 and described in greater detail in Ref.
1. The output of a fast rise time pulse generator was split into two signals of which one was used to start the time digitizer and the other employed to provide a calibrated pulse for the comparator under test, A variable reference voltage was also supplied --
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to the comparator under computer control. The output of the comparator was used to stop the time digitizer. To obtain high precision in the timing measurements, a large number of measurements were repeated and averaged by the computer.
As shown in Fig. 4 Each tested comparator required a different printed circuit test card with circuitry providing proper power and bias levels, filtering and decoupling. Very wide band components of this kind need carefully laid out printed circuits in order to avoid a disappointing performance. The GaAs devices are particularly difficult to evaluate. For each of these devices, a factory built test jig was purchased which allowed for a relatively easy change of the c o m p o n e n t u n d e r t e s t a n d p r o v i d e d a n adequate heat sink protect it from damage.
The output waveforms of some comparators required reshaping by a leading edge discriminator in order to make sure that the timing was always related to the known reference level. In this case, measurements were takenwith andwithout the discriminator in order to evaluate the effect of its use. 
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In order to compare the results obtained for the different devices, the data shown in Fig. 6 was normalized and plotted as a Fig. 8 . Normalized time walk of AD9685 function of the overdrive ratio as described above. The normalized data is shown in Fig. 7 . As can be seen, the time walk 
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The normalized data shows the total time walk of the comparator and includes con-L, J tributions from the finite risetime of the input pulse. To separate these contributions, a sampling oscilloscope photograph of the input waveform was digitized and subtracted from the data. The result is shown in Fig. 11 for the VC7695.
Corrected curves such as these can be used to estimate the precision with which a given transient signal can be measured and offer a means whereby a first order correction to Fig. 9 . Normalized time walk of AM685 the digitized data can be obtained. comparator.
Several devices of each kind were tested, and within each group performed uniformly. T pica1 normalized data for the 10G012B is sgown in Fig. 12 and for the TQ6330 in Fig.  13 .
The performance of the former is comparable to the best o f the bipolar devices (VC7695, Fig. 7 ), while the latter was found to be quite inferior, contrary to expectations. A High Speed Prototyping Kit (90GKIT-40) was used for testing the 10G012B and 10G013
A selection of six state-of-the-art fast and a model ETF-MIC44/24 Test Fixture was voltage comparators was tested under almost employed to evaluate the TQ6330 and T~6331. identicalconditions. The measured datawas These kits were designed for testing the normalized for easy Of the devices for high speed digital applications devices' performance. Each device exhibits a distinctive individual timewalk characand had to be adapted for the teristic of its input voltage pulse amplitude tests.
Since access to the internal and the amount of input overdrive. Of the circuitry of the devices is limited, an bipolar devices, the VC7695 performance is interpretation of the results is difficult thebest. The GaAs 10G012B device is equal1 in some cases.
good or somewhat superior. However, higl been limited to the GigaBit Logic 10G012B TIME ( p s ) XBL 8910-3640 Fig. 13 . Normalized time walk for TQ6330 GaAs comparator.
CONCLUSION
power dissipation and more complex power and bias supply requirements make this device less attractive.
The objective of this work is to describe reliable instrumentation for a consistent automatic measurement of time walk in the picosecond time region and establish a way to normalize the data in order to provide an easy comparison of various devices. More work is required to evaluate other available fast comparators in order to select those with the best time walk characteristics.
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